MATERIALS AND METHODS Five millimolar KCN reduced water permeability in 1-millimeter thick slices of potato tuber (Solanum tuberosum L.). One-tenth millimolar ATP and CTP prevented or reversed the reduced permeability. UTP and GTP were not effective. Five millimolar ammonium carbonate or 0.1 millimolar 2,4-dinitrophenol also reduced water permeability, but ATP and CTP were only partially effective in reversing the reduced permeability. Oligomycin, 5 micrograms per milliliter, reduced water permeability, and the reduction was reversed by ATP and CTP. ATP and CTP appear to be involved in maintaining the structure of water pathways into the cell.
Respiration inhibitors and uncouplers such as ammonia (25) , azide (15, 20, 27) , cyanide (3, 16, 18, 27, 28) , carbonyl cyanide m-chlorophenylhydrazone (1, 3), 2,4-dinitrophenol (18, 32) , fluoride (27, 32) , iodoacetate (27, 32) , arsenate (27) , CO, (5, 12) , lack of oxygen (12, 21) , and low temperatures (13) decrease the movement of water into or out of coleoptile segments, radicles, root segments, or whole roots.
Several investigators (13, 16, 24) have suggested that metabolic energy is required to maintain the structural features of the water pathways into plant cells. One of the primary consequences of respiration is the formation of ATP, which is used as a source of energy in many intracellular reactions. Stuart and Haddock (25) found that sugar beet roots, pretreated with ATP, did not exhibit as much reduced water permeability when a respiration inhibitor, ammonia (30, 31) Uniform disks, 14 mm in diameter and 1 mm thick, were cut from potato tubers (Solanum tuberosum L. var. Russet). The disks were washed in tap water, usually 10 to 15 min, until the starch and cell debris were removed from the cut surface, rinsed twice in distilled water, and stored in aerated distilled water at 5 C until needed an hour or two later.
Six disks (about 1 g fresh weight) were placed in 50 ml of the sodium salt of 0. Pretreatment of the disks in 5 mm KCN, 5 mm (NH4)2CO3, 0.1 mM DNP, 5 ,ug/ml oligomycin, 0.1 mm ATP, etc. singly, or in combination as previously outlined, resulted in weight gains of 3.0 to 0.5% during the pretreatment period. Disks placed in water gained 2.7% and in 0.01 M phosphate buffer, 2.5%. At the end of the pretreatment period, before the disks were placed in the mannitol solution, all of the disks appeared to be fully turgid. None of the chemicals, at the concentrations or immersion times used, appeared to damage the disks.
Variability was relatively low within each batch of disks. The coefficient of variation ranged from 2 to 15%, depending upon the experiment and treatment. However, the amount of water lost varied from one batch of potatoes to the next, as may be seen by comparing the amounts of water lost from the control treatments in each experiment (Table I) . Preincubation of potato disks in 5 mm KCN gave maximal reduction in water permeability by cyanide without apparent damage to the tissue. The reduction in water permeability was not as great with 1, 2, or 10 mm KCN. Addition of ATP or CTP before adding KCN appeared to prevent reduction in water permeability induced by KCN (Table I) . GTP and UTP were not effective in preventing the reduced permeability. When KCN was added first, both ATP and CTP appeared to reverse the KCN-induced decrease in permeability, but GTP and UTP were not effective.
Preincubation of potato disks in 5 mm (NH4)2CO3 gave maximal reduction of water permeability without apparent damage to the tissue. Higher concentrations of (NH4)2C03 (10 mM) caused the tissue to turn dark and become flaccid.
Concentrations of 1 mm (NH,)2CO3 reduced permeability less, and lower concentrations had no effect. The disks were left in the (NH4)2CO3 for only 10 min instead of 45 min because the longer times tended to turn the tissue dark and did not further reduce water permeability.
Preincubation of the potato disks with nucleotides before adding (NHC)2CO3 had no significant effect, although ATP
and CTP tended to reduce the effect of (NH,)52CO. When (NH )2CO3 was added first, ATP reduced the effect of (NH4)2CO3 about 50% but pre-and postincubation with ATP were not significantly different from each other. Post-treatments with CTP, GTP, and UTP were not effective in reducing the effect of (NH4)2CO3 (Table I) .
Preincubation of potato disks in 0.1 mm DNP and 0.01 1s phosphate buffer, pH 5.5, gave maximal reduced water permeability without apparent damage to the tissue. The pH 5.5 phosphate buffer held the pH at 5.3 for both the DNP and oligomycin experiments. Concentrations of 0.5 and 1.0 mM DNP caused the tissue to become flaccid, while 0.01 mm DNP had no effect. Pre-and postincubation effects with CTP were significantly different from DNP alone but not from the other nucleotide treatments.
Preincubation of potato disks in oligomycin and phosphate buffer, pH 5.5, gave maximal reduction of water permeability in the range of 2 to 20 ,tg/ml. Solutions containing more than 20 ,tg/ml oligomycin became cloudy, and oligomycin would not stay in solution. Preincubation of the disks with 0.1 mm ATP or CTP before adding 5 jug/ml oligomycin reversed the oligomycin effect (Table I) . Preincubation of the disks with GTP or UTP had no effect. Adding the nucleotides after preincubation with oligomycin was not statistically effective in reversing the effect of oligomycin. In all of these experiments attempts were made to meet the conditions for using osmotic methods put forth by Glinka and Reinhold (5) .
The data from these experiments (Table I) suggest that the nucleotides ATP and CTP are involved in maintaining the permeability of potato storage tissue to water. The inhibition of cytochrome oxidase by cyanide (6) should cause a cessation or reduction of ATP production, reducing over-all ATP to a level where the water permeability of the cell could be changed. However, reducing the level of ATP could also lower the concentration of CTP (2) to an inhibitory level. If this happens, then the addition of ATP or CTP, or both, should restore the water permeability of potato disks. In these experiments, where cyanide was used to reduce water permeability, this restoration did occur.
Ammonia (NH3) and undissociated NH,OH act as respiration inhibitors by interfering with the oxidation of NADH (30, 31 Oligomycin inhibits the formation of ATP in various tissues (22) and inhibits ion transport (1, 8 (9) . What effect this has on water permeability of the slices is not known.
If nucleotides or inhibitors do not enter the cell, then they may affect the membrane directly from the outside. Hodges (8) found that oligomycin functioned to inhibit K uptake in oat roots by blocking ATP utilization in a process occurring primarily at the cell surface. Ling (14) suggested that ATP or some other high energy compound plays a major role in cell maintenance, not by the continued breakdown and delivery of energy but by its absorption on proteins as ATP per se. There is other evidence that ATP may combine directly with the membrane. Karjolainen (11) suggested that adenine nucleotides may form an integral part of the membrane surrounding calf thymus nuclei. Robinson (19) Whether ATP or CTP combines with the membrane or whether they change the configuration of the membranes in potato is not known. However, they could be involved in phosphorylating some unknown compound and/or supplying energy to a contractile protein in the membrane that is responsible for keeping the water pathways into the cell open.
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